Introduction
The first theory on consolidation was given by Terzaghi and the change in pore water pressures as a result of the variations in hydraulic gradient was defined by the following equations given below as Equation 1 is related to the continuous and slow deformations of a soil subjected to an external loading (Asch et al 1989) .
The aforementioned creep phenomenon is taken into consideration as a diffusion movement throughout a soil mass (Culling 1963) .
In all of the consolidation equations, the occurrence of laminar and transient flows and the validity of Darcy's Law have been accepted. It is also known that time rate of settlement and drainage decrease as a result of consolidation. Low time rates of settlement which occur under these conditions bring out the phenomenon of hydrodynamic dispersion along with the viscous nature of fine grained soils. The term hydrodynamic dispersion stands as a process in which both grain diffusion and dispersion of a soil are considered.
Consolidation process also has a profound effect in the transportation of contaminating particles throughout a compressed porous medium. It has been observed that drainage of pore water is highly effective in the transportation of soluble particles inside of a soil mass by means of diffusion. Eventually, the random nature of pore structure of a soil mass and the transportation and spreading of contaminating particles in a soil brings out the diffusion problem. In addition, since the courses and directions of pore water change and as a result the time rates of pore water differ vastly during the application of a loading as a result of random pore geometries, the phenomenon of dispersion also comes into question.
Hydrodynamic dispersion, in general, defines the combined effect of orientation of particles to form a more disperse structure and grain diffusion occurring as a result of very low time rates of settlement. On the other hand, hydrodynamic dispersion is a phenomenon which occurs in micro pores and at the outside of a solid-liquid intersection as a result of low flow velocities (Tekinsoy 2013) . Also, according to performed studies, dispersion is a physical phenomenon that occurs between solid and liquid phases as a result of low time rates of settlement. Variations in time rates of settlement occur in relation to the changes in pore water pressures (Nielsen et al. 1972) . However, dispersion and grain diffusion were only studied by the writers of this study in an aspect of soil mechanics. Besides of soil mechanics point of view, the only study about the subject was in the transportation of melted particles in homogeneous soils as a result of a concentration gradient (Nielsen et al. 1972) .
In this study, the phenomena of dispersion and grain diffusion in the consolidation of clayey soils are studied and effects of time rates of settlement in a consolidation phenomenon are discussed. Obtained data are given in an aspect of hydrodynamic dispersion and some contributions are presented.
Material and Methods

Material
Consolidation tests are generally performed on fine grained and plastic soils. For this reason, more than 200 consolidation tests were conducted in order to analyze and compare the effects of hydrodynamic dispersion in a consolidation phenomenon and the results of 96 of them were given in detail in the PhD thesis of the first writer, Dr. Barış Mahmutluoğlu (Mahmutluoğlu 2014) . Among the aforementioned consolidation tests results, the results of the tests in which soil samples taken from different regions of Antalya City in Turkey with various dry unit weights and plasticity properties were used in this study. Since dry unit weight and plasticity of clayey soils are two very significant parameters in the hydrodynamic dispersion phenomenon, by using soil samples with very similar plasticity properties, only the effect of variations in dry unit weights of soil samples throughout a consolidation event are being presented in this study. Results of these experiments are both compared to the theoretical counterparts and to each other and the effect of dry unit weight in a consolidation is expressed in terms of hydrodynamic dispersion.
Physical properties of the soil samples which were chosen among the collected soil samples from Antalya City in Turkey are given in Table 1 . As can be seen from Table 1 , soil samples which are used in this study both have a plasticity index of 14 and so they would have very similar plasticity properties. 
Method
Initially, the phenomenon was studied statistically and it was realized that dry unit weight is the primary variable in hydrodynamic dispersion (Mahmutluoğlu 2014) . As a result of the performed regression analyses, the most compatible equations were constructed which were given in detail in the PhD Thesis of Dr. Barış Mahmutluoğlu and eventually Equation 2 was given as the dispersion differential equation (Mahmutluoğlu 2014) :
where, c v and u represent the coefficient of consolidation and pore water pressure, respectively. v z is the time rate of settlement and z and t represent the coordinate and time, respectively.
The equation of dispersion given as Equation 2 is an equation which includes convective flow relative to time rates of settlement along with the conventional consolidation term. Since dry unit weight is the primary parameter in hydrodynamic dispersion, based on the equation given in Equation 2, the following differential equation can be derived as the dispersion differential equation with respect to dry unit weight (Mahmutluoğlu 2014) :
where, γ k is dry unit weight, v z is time rate of settlement and D s is the diffusivity coefficient. z and t represent the coordinate and time, respectively.
Diffusivity coefficient (D s ) and the other hydrodynamic dispersion parameters were obtained by solving the differential equation given as Equation 3 (Mahmutluoğlu 2014) . These solutions are used in this study to obtain diffusion and dispersion parameters of a specific region in Antalya Turkey and to show the effect of dry unit weight on the phenomenon by comparing clayey soils of similar plasticity properties.
The equations for diffusion and dispersion parameters which were found by solving the dispersion differential equation are given by Equation 4 
Results and Discussion
Results of the performed consolidation tests on CL group soil samples named as CL-1 (drilling depth: 4.5-4.9 m) can be seen in Table 2 . Based on the results given in Table 2 , diffusive and dispersive parameters of the CL-1 sample are obtained and presented in Table 3 .
Results of the performed consolidation tests on the second CL group soil samples named as CL-2 (drilling depth: 1.5-1.9 m) can be seen in Table 4 . Based on the results given in Table 4 , diffusive and dispersive parameters of the CL-2 sample are obtained and presented in Table 5 . Comparison of effective stress variations obtained both theoretically and experimentally can be seen in the graphics given in Figure 1 and Figure 2 for the CL-1 and CL-2 group soil samples, respectively.
If variations in dry unit weights of the samples named as CL-1 and CL-2 are considered, it can be computed from the consolidation results from Table 2 and Table 3 that the CL-1 sample has a dry unit weight variation of 9.62 % in the loading phase and 7.38 % throughout the whole consolidation test whereas the CL-2 sample has a dry unit
As can be seen from Table 2 and Table 4 , the effective stress increment values in the final columns which were found theoretically (σ') are very close to the experimental counterparts (p) in the first columns both for the CL-1 and CL-2 samples, individually. These theoretical values were reached by using Equation 4 which is given below for effective stresses and this equation, as mentioned previously, was obtained by solving the differential equation in Equation 3 (Tekinsoy 2013; Mahmutluoğlu 2014) .
where, m v is the coefficient of volume compressibility, γ k1 and 
where, z i ve z are the initial and any sample heights, respectively, z 2 /4 is the squared power of the drainage path z/2 and t is time (Mahmutluoğlu 2014) . variation of 5.58 % for the loading phase and 2.14 % for the entire test. Therefore it can be understood that the CL-1 sample which has a higher variation percentage of dry unit weight than the CL-2 sample should exert higher values of hydrodynamic dispersion parameters and has a higher time rate of settlement than that for the CL-2 sample.
In order to observe the aforementioned comparison between the CL-1 and CL-2 samples, if Table 3 and Table  5 are considered, it can be seen that the values for diffusivity 
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where, v z is the time rate of settlements, z/2 repsesents the drainage path and H d /t which can also be given as z/2t is the variation in time rate of the drainage path and t is time (Mahmutluoğlu 2014) . In the expression in Equation 7.a, the term 1/2 which is added to the logarithmic term in the parenthesis remains very insignificant relatively and so it can be neglected to simplify the equation. The newly formed equation becomes equal to the time rate of settlements of the soil samples which is given below as Equation 7.b (Mahmutluoğlu 2014) .
where, v z is the time rate of settlements, z i and z are the initial and any sample deformation heights, respectively and t is time. Eventually, it can be expressed that the time rate of dispersion, v z , is a velocity term which includes both soil settlements and their dispersion properties and which has a higher value than the aforementioned velocity terms. In other words, the time rate of settlements given in Equation 7.a and Equation 7.b is a velocity term which includes all terms of time rates. The occurrence of vz in the equations includes the effects of time rates of settlement to the phenomenon.
If the time rates of pore water are to be considered (v z2 ), the following expression can be given as Equation 8 which was derived from the solutions of the dispersion differential equation given as Equation 3 (Mahmutluoğlu 2014) .
where, v z2 is the time rate of pore water, z i and z are the initial and any sample deformation heights, respectively and t is time. By using the equation given as Equation 8, time rates of pore water in a soil can be obtained for any pressure increment or for any moment throughout a consolidation event. Since time rates of both settlements and pore water can be determined, time rate of compression of the soil skeleton, v s , can also be obtained by using the Equation 9 given below (Mahmutluoğlu 2014) :
where, v s is the time rate of compression of the soil skeleton, v z is the time rate of settlements and v z2 is the time rate of pore water.
In order to compare the experimental and theoretical time rates of settlements for the samples CL-1 and CL-2, the following tables in Table 6 and Table 7 are given, respectively.
The relationship between the diffusivity coefficients (D s ) of the CL-1 and CL-2 samples can be seen from the graphic given in Figure 3 below:
It can be seen from Figure 3 that the CL-1 sample which has a higher dry unit weight variation percentage than the CL-2 sample has higher values of diffusivity coefficients (D s ) for all pressure increments or throughout the entire test.
The values for flux ( J s ) and dispersive variable (x) in Table 3 and Table 5 were found by using the equations below which are given as Equation 6.a and Equation 6.b, respectively (Mahmutluoğlu 2014) :
where, J s is flux, x is the dispersive variable which is used in the computation of the flux J s , D s is the diffusivity coefficient, γ ki and γ kf are the initial and final values for dry unit weights, respectively, v z is the time rate of settlements, z is sample height at any instant and t is time (Mahmutluoğlu 2014) .
If the derivative of the equation for D s given as Equation 5
is taken with respect to z, the following equation is obtained for time rate of settlements v z (Mahmutluoğlu 2014) : As can be observed from Figure 6 , experimental and theoretical time rates of settlements of both the CL-1 and CL-2 soil samples are in a very close agreement to each other individually and the values of both experimental and theoretical time rates of settlements for the CL-1 sample
In the following graphical relationships in Figure 4 and Figure 5 given for the CL-1 and CL-2 samples, respectively, it can clearly be observed that the values of theoretical and experimental time rates of settlement and pore water are in a very close agreement to each other, individually.
In the following graphic given as Figure 6 , experimental and theoretical time rates of settlements for the CL-1 and CL-2 In the following graphical relationships which are given as Figure 7 for time rates of pore water and Figure 8 for time rates of compression of the soil skeleton, it can also are higher than that for the CL-2 sample throughout the consolidation of the samples. This relationship given in Figure 6 reemphasizes the aforementioned effect that since the CL-1 sample has a higher dry unit weight variation percentage than the CL-2 sample, the CL-1 samples are observed to have higher values of time rates of settlements 
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relationship can be observed in the graphic given in Figure  9 .
As can be seen from the graphical relationship given in Figure 9 , the total amount of compacted soil for the CL-2 sample is lower than that for the CL-1 sample throughout the consolidation process again as a result of lower percentage of dry unit weight variation which takes place in the consolidation of the CL-2 soil samples than that for the CL-1 samples.
Therefore, the CL-1 sample is compacted more than the CL-2 sample and more soil particles are transported, oriented and compacted in terms of grain diffusion and dispersion in the consolidation of the CL-1 soil sample.
Conclusion
In this study, an approach was presented in which time rates of settlements and pore water and their effects on consolidation were analyzed in terms of hydrodynamic dispersion.
A result of this study is that it enables to acknowledge information on the subject of hydrodynamic dispersion in a consolidation phenomenon. In this aspect, values for variations in effective stresses, diffusivity coefficients, dispersive flux, dispersive and total compacted soil amounts and time rates of settlements, time rates of pore water and time rates of compression of soil skeletons were obtained by solving the differential equation given as Equation be observed that the values for the CL-1 sample are higher than those for the CL-2 sample throughout the entire consolidation process.
On the other hand, the amount of soil which fills into macro pores and diffuses inside the soil matrix (6th columns of Table 3 and Table 5 for the CL-1 and CL-2 samples, respectively) were found by using Equation 10 below (Mahmutluoğlu 2014) :
where, ∆W s is the amount of diffused soil mass, J s is flux, A is the cross sectional area of a sample and t is time (Mahmutluoğlu 2014) . Since variables of both time and location exist in Equation 10, the amount of dispersive soil can be obtained at any pressure increment or for any instant throughout a consolidation process.
In the last columns of Table 3 and Table 5 , total compacted soil amounts (∆W t ) are given for the CL-1 and CL-2 samples, respectively. These values were obtained by using Equation 11 below (Mahmutluoğlu 2014) :
where, ∆W t is the total compacted soil mass, A is the cross sectional area, z is the deformational height, γ k is dry unit weight and this equation represents total compaction (Mahmutluoğlu 2014) . If the total compacted amounts of the CL-1 and CL-2 samples are compared, it can be seen that all of the values are lower for the CL-2 sample. This 
